INTRODUCTION
C hamaeleonidae are one of a few groups of saurians of which the lungs are frequently parasitized by Rhabdias (Nematoda: Rhabdiasoidea). The majority of these lizards originate from Africa or Madagascar, and a single Rhabdias species has been reported from each of the two regions, namely R. chamaeleonis (Skrjabin, 1916) in Africa and R. gemellipara Chabaud, Brygoo & Petter, 1961 in Madagascar. While some progress has been made on the diversity of Rhabdias in Africa (Lhermitte-Vallarino & Bain, 2004 ; Lhermitte et al., 2008) , the situtation in Madagascar appears complex.
Several samples of Rhabdias from Madagascar are deposited in the collection of the Muséum National d'Histoire Naturelle, Paris (Natural History Museum, MNHN): the type material of R. gemellipara recovered from a single C. parsonii (Cuvier, 1824) , composed of one gravid female, remarkably small at 8 mm body length (Chabaud et al., 1961) ; several "giant" specimens, 20-30 mm long, recovered from a single Calumma brevicorne (Günther, 1879) and identified as R. gemellipara by Chabaud & Brygoo (1962) ; small and large Rhabdias collected from several species of Calumma Gray 1865, one Brookesia Gray, 1865 (Chamaeleonidae) and one Zonosaurus Boulenger, 1887 (Gerrhosauridae), all identified as R. gemellipara by Caballero (1968) . Kuzmin (2003) studied these collections, but only one sample containing giant specimens was found at the time (348 Q, Cap Machoual) . He observed that a single specimen from Zonosaurus differed from typical R. gemellipara and speculated that it was either a host or age variation, or a different species, but thought the material insufficient to draw a final conclusion. Irrespective of the host, Kuzmin (2003) identified small specimens as R. gemellipara, and large specimens as belonging to the African species R. chamaeleonis, the then single known large species. However, in 2004, Lhermitte & Bain redescribed R. chamaeleonis and defined the characters which differentiate this species from the Malagasy material. We examined both small and large Rhabdias from Madagscar present in the MNHN collection. The particularities of parasites from Zonosaurus reported by Kuzmin (2003) were confirmed. Similarly, Brookesia was found to harbour Rhabdias distinct from previously described species. These results are not included herein, but form part of an on-going study. In the present paper we propose to distinguish five species of Rhabdias parasitic in Calumma spp. These taxonomic hypotheses are supported by our previous studies on African material which demonstrated i) the validity of several diagnostic characters in addition to those commonly used, namely head ornamentation, shape of oesophageal-intestinal junction and extension of the genital tract in gravid females, and ii) that size and shape of buccal capsule as well as oesophagus vary little between small juvenile and large gravid females of a given species (Lhermitte-Vallarino & Bain, 2004 ; Lhermitte-Vallarino et al, 2008) .
Since the parasitic generation of Rhabdias is exclusively female, its mode of reproduction has generated detailed analyses in the past. Hermaphrodism was demonstrated in several species from anurans and snakes, reviewed by Anderson (2000) . In chamaeleonids, both hermaphrodism and parthenogenesis were suggested. During the course of this study, examination of the female genital tract brought evidence that all Rhabdias spp. from Malagasy chameleons are hermaphroditic, including R. gemellipara, contrary to previous reports of Chabaud et al. (1961) . As suggested by Lhermitte & Bain (2004) and Lhermitte et al. (2008) , spermatozoa originate from a band of small cells in the ovaries. Spermatozoa production is intermittent.
MATERIAL AND METHODS
A ll Malagasy specimens examined had been deposited in the MNHN collection. They were fixed in hot 70 % ethanol and stored in 70 % ethanol. A thorough search of parasite and host files enabled us to find the samples of small and giant Rhabdias, excepting one sample loaned 30 years ago (Table I) . The natural hosts of these specimens belong to four chameleon species: Calumma parsonii, C. brevicorne, C. cucullatum (Gray, 1831) Brygoo & Petter, 1961; 2, Chabaud & Brygoo, 1962; 3, Brygoo, 1963; 4, Caballero, 1968; 5, Kuzmin, 2003 . * Two hosts with the same number (original error). ** not R. gemellipara according to Kuzmin, 2003 . & Bibron, 1836 et al., 1961) with larvae from the female holotype of R. gemellipara. Worms were cleared in lactophenol and studied under a Wild microscope equipped with a drawing tube, as described by Lhermitte & Bain (2004) . Measurements were made on drawings and expressed in µm, except for body length and distance from head to vulva which are in millimetres. Where necessary, two measurements for body width are included, the first without vesicle and the second, in brackets, including it. Head papillae and shape of mouth opening were studied in apical view if sufficient specimens were available. Using a razor blade, the head was severed under a stereomicroscope and oriented under the microscope. The buccal capsule was described including shape, length and maximum external diameter; in one sample the buccal capsule appeared laterally flattened and its diameter was measured in lateral as well as dorso-ventral view; the buccal capsule ratio is defined as length/external diameter. In the Malagasy specimens the buccal capsule possesses a small oblique posterior part, more or less distinct and granulous, 3-4 long, which was not included in the length. The apex of the oesophagus has "shoulders" when its external edge is anterior to the bottom of the buccal capsule. Bulb diameter and body width at that level were measured and the bulb ratio calculated. Several observations regarding the oesophageal-intestinal junction were recorded: diameter of intestine equal or greater than bulb basis; shape of anterior part of intestine, cylindrical or widening, expressed as the ratio of two intestine measurements: width of intestine 1 mm posterior to oesophageal-intestinal junction/width at junction. The extension of the genital tract is defined by the distance of anterior bend to head and posterior bend to tip of tail, as well as by the distance anterior ovary apex to head and posterior ovary apex to head. Vulva ratio is distance head to vulva/body length. As in previous studies (Lhermitte & Bain, 2004 ; Lhermitte et al., 2008) , a schematic representation of the female anatomy of the three new species is given. Length of caudal point was measured when distinct. Ovaries and oviducts were examined for production or storage of spermatozoa.
RESULTS
A ll specimens of all samples in the MNHN collection (Table I) were examined, and large and small specimens were never found in the same (570) 520 (630) 400 (450) 600 (720) sample. Large specimens were recovered from three species of Calumma and differed according to host. Small specimens belonged to two morphological types, one identical to R. gemellipara as re-examined in this study, the other distinct by several characters. All new species described herein are distinct from R. japalurae Kuzmin, 2003, host-type Japalura swinhonis Günther, as this species from an Oriental agamid has a large vesicle and its buccal capsule, oesophagus and body are much smaller or much greater than those of the large and small specimens, respectively. Taxonomic differentiation regarding R. japalurae is not repeated in the individual taxonomic discussions below. In all specimens the structure of the lateral chords was peculiar in that the syncytium is divided with dropshaped lines, more or less regular, giving the apperance of cellular organisation (Fig. 2G ). Similar observations were made in African Rhabdias from chameleonids (personal observation) and it is probably a general feature of the genus (see Fig. 9 in Baker, 1978) . region; transverse furrows 100-400 apart in oesophageal region, 50-150 in posterior region. Head: no lips; protuberances of four large papillae and two smaller amphids, all linked with a cuticular lining which is hexagonal and slightly flattened dorso-ventrally; amphidial pores anterior to papilla apices; each papilla with salient apex; no lateral papillae identified. Mouth opening depressed, round and lined with cuticular membrane (velum). Buccal capsule: short, diameter large; in transverse optical section, quadrangular posterior to the velum, then round; wall thick and well cuticularized; buccal capsule ratio 0.25-0.30; posterior oblique granulous segment 3-4 long. Oesophagus: thick; at apex, lumen lined with rugosities; round to acute shoulders; slight inflation anterior to nerve ring; posteriorly, progressive increase of diameter to 135-150 at mid-length; slight constriction before bulb; ratio bulb/body width 0.37-0.52. Intestine: apical diameter equals bulb at base; proximal part, an elongated thin pyramid; prerectal constriction present in 5/6 specimens. Tail conical, straight, exceptionally bent dorsally (one specimen); long terminal point, surrounded with narrow to wide vesicle; point bent ventrally in two specimens. Genital tract: anterior and posterior bend at oviduct-uterus junction (one exception with bend at mid-oviduct); anterior bend far from head (3,350-4,960); posterior bend far from tip of tail (3,250-3,800) except in one specimen (1,810); ovocytes variable in shape, very elongated locally (125/35); oviducts 1,000-1,200 long, not coiled. Vulva ratio 0.53-0.58. Production area of male gametes in ovaries observed in five specimens, either present in both or one of the ovaries, anterior or posterior. A male gamete production area was 100-290 long and 1,000-2,000 from ovary apex. Migration of spermatozoa along ovaries was observed in three specimens, in anterior or posterior ovary. Spermatozoa were identified in the oviduct of one female ( Fig. 4C-G ; Table IV) . Body very large (Table III ; Fig. 1D , G, 2H-J, 3I, 4H, J). Habitus: dorsally coiled, G-shaped or one-and-half circle. Vesicle: extending from head to tail, smooth surface, but regular internal transverse striae 10 apart. Head: internal circular dense tissular structure surrounding the mouth (cephalic pads); mouth depressed, lined with cuticular velum. Buccal cavity slightly constricted at apex; buccal capsule: large, walls moderately thick and concave; buccal ratio 0.40 & 0.36; posterior oblique granulous segment. Oesophagus: similar to previous species anterior to nerve ring, slightly inflated at midlength and constricted before bulb; bulb ratio 0.51 & 0.36. Intestine: apical diameter equals bulb at base; proximal part cylindrical; no constriction in prerectal region. Tail straight, posterior half thinner, funnelshaped, long terminal point. Genital tract of holotype: anterior and posterior bend at first third of oviducts, anterior bend not far from head (1,700), but posterior bend far from tip of tail (3,500); oviducts not coiled; in ovaries mature ovocytes variable in shape, very elongated locally. Production area of male gametes in anterior ovary (Table IV) . Female 514 F has a very black intestine and it was not possible to study the genital tract.
Taxonomic discussion
The material from C. brevicorne has a buccal capsule similar to that of R. nasutum n. sp., but differs from the latter by several characters: vesicle smooth with internal regular striae, oesophagus inflated at midlength, intestine anterior part almost cylindrical, tail funnel-shaped, genital tract extends further anteriorly (1,700 to apex vs 2,350-2,500) and less posteriorly (3,500 to tip of tail vs 1,300-1,950). It differs from R. rabetafikae, R. jarki and R. okuensis in the shape of the buccal capsule, and from R. gemellipara in the buccal capsule size. It differs from R. cristati in a shorter buccal capsule (17-20 vs 30-42) and a wider intestinal apex, and from R. chamaeleonis in a longer oesophagus (1,280-1,330 vs 700-965) with a more conspicuous bulb, a vesicle without internal striae and a conical tail. We thus propose a new species, named R. brevicorne. Individual values or range of measurements are reported. * Lateral/dorso-ventral diameter. diameter anteriorly; apex of oesophageal lumen lined with rugosities. Other characters are as described by Chabaud et al. (1961) . Production area of male gametes and spermatozoa were identified (Table IV; Fig. 4 A, B) . Five specimens from one-month old experimental infection: habitus straight; body vesicle absent in two specimens, thin in remaining three with distant, loose folds, as described for holotype by Chabaud et al. (1961) . Morphology similar to holotype, particularly the cylindrical buccal capsule, as drawn in apical view by Chabaud et al. (1961) , with anterior diameter generally smaller, cephalic pads present in all four observed specimens and rugosities at apex of oesophageal lumen. Excretory cell often identified, 600-650 long. Tail straight with thin point. All five females with divided eggs, the smallest (3.4 mm long) with only 19 eggs but one larva, the others (4.22-5.07 mm long) with 26-42 divided eggs and no larvae. Production area of male gametes in ovaries observed in one female, and spermatozoa in oviducts of four females (Table IV) . Two stages of the male area were identified: the numerous cells of the band were jointed together as usually observed (Fig. 4A) ; or cells were few, with irregular spaces between them, suggesting termination of a period of spermatozoa production.
R. gemellipara

Small specimens of Rhabdias spp. from Calumma brevicorne
Body about 6-7 mm long in all five samples (Table V) , but two distinct morphological types can be distinguished. Samples from the East of Madagascar are similar to R. gemellipara: 481 F, 486 F, both from Fiherana, and 501 F from Périnet, as well as 471 F with unknown origin. In particular they share the internal circular dense tissular cephalic pads, more conspicuous in lateral than in median view, and a cylindrical buccal capsule with decreased anterior diameter; number of divided eggs ranged from 34 to 50, and two larvae were present in a single female (481 F). In each sample, a production area of male gametes was observed, and in two specimens spematozoa were seen between this area and the oviducts (Table IV) . Sample 653 G from the central region, composed of 14 specimens, was different (Fig. 3J, M) : buccal capsule laterally flattened (except in one specimen) and more distant from apex (approximately 10 µm). In front view amphids identified; four papillae difficult to observe, tentatively illustrated (Fig. 3G ). Rounded shoulders of oesophageal apex enveloping entire length of buccal capsule, either terminating at its apex or extending slightly beyond; cephalic pads absent (Fig. 3J-L) . Despite these specimens being slightly longer than those in the above four groups, they had few divided eggs (12-28) and no larvae. In specimens of 653 G the male area, when present, was small, composed of one or two syncytial structures, 15-25 µm in diameter, containing a dozen of nuclei similar to those of spermatozoa. In addition, spermatozoa were observed along the ovaries (Table IV) . Sample 653 G is obviously distinct from R. gemellipara and other Malagasy species, but because the females are not fully gravid, we do not assign a specific name to them.
DISCUSSION W e consider the large specimens from Malagasy chameleons distinct from R. gemellipara, host type C. parsonii from the eastern region, because in African Rhabdias the size of the buccal capsule in a given species remained constant despite an important growth in body length (Table VI) . In R. gemellipara and the large specimens examined herein (3.4-8 and 19-34 mm, respectively), the buccal capsules differ hugely in size. None of the samples in the MNHN collection had a mixed infection with small and large specimens. Not all large specimens were identical. The buccal capsule of R. rabetafikae n. sp. from C. cucullatum in the northeastern region of Madagascar has a particular shape and it is obviously a distinct species. While the material was recovered from a single chameleon only, it harboured five specimens, all of which were similar. The material is poor for R. nasutum n. sp. from C. nasutum and R. brevicorne n. sp. from C. brevicorne, both from the eastern region. However, we observed distinct differences regarding the vesicle, buccal capsule and shape of the oesophagus, apex of the intestine as well as the tail, and thus, they cannot be placed in the same taxon. The small specimens appeared to be heterogeneous as well. The four samples from the eastern region are similar amongst each other and share important diagnostic characters with R. gemellipara. We therefore assign them to the latter. Sample 653 G from the central region is distinct from R. gemellipara in that cephalic pads are absent and the buccal capsule is laterally flattened. Moreover, inspite of similar or slightly longer body length their stage of maturation is retarded (Tables IV & V) . Despite these distinct characteristics, we report this material as Rhabdias sp. until fully gravid females can be observed. In Africa the four species of Rhabdias from chamaeleonids are large worms. This study suggests that in Madagascar small and large species of Rhabdias exist in chamealeons. The ontogeny of small and large species seems to differ. Specimens of R. gemellipara obtained through experimental infection are very small (≤ 5.4 mm) but are at an advanced stage of maturation, as evidenced by the presence of divided eggs and even larvae. In contrast, in R. chamaeleonis from Burundi three young females, 5.7-6.4 mm long, had no ovulae, few ovulae and nine ovulae in the oviducts, respectively, and no eggs were seen in the uteri (Lhermitte-Vallarino & Bain, 2004) . Two young R. okuensis females from Cameroon, 4 mm long, had no eggs in the uteri, and three eggs were found in the uterus of a third female, 6 mm long (Lhermitte-Vallarino et al., 2008) . Concerning the biology of the parasitic females of Malagasy Rhabdias spp., hermaphrodism appears to be the mode of reproduction since each sample contained at least one specimen with spermatozoa. In both large and small females, a band of small cells was observed in either one or both ovaries at a distance of approximately one mm from the ovary apex (Table IV) . We had previously observed bands of small cells in the ovaries of Rhabdias spp. from Africa and suggested that they might produce spermatozoa. We give here proof thereof: spermatozoa which were interspersed between the large ovocytes in some ovaries indicate that these small cells are indeed areas of male gamete production (Fig. 4) . Male gametes were found in young and old specimens and are produced throughout the females' life span. In less gravid females (653 G) and a few others (486 F), the production area was not a band, but a few small syncytial structures, as observed in young specimens of R. okuensis (Lhermitte et al., 2008) . The period of production of a band is discontinuous. Both stages of active spermatozoa production and regression of the male area, could be distinguished. Generally the production of spermatozoa was not synchronized in the anterior and posterior ovaries.
